Abstract: Ultrasonic techniques are used in order to probe the high frequency dynamical properties of polyurethane gels. The relaxation processes found are compared with those obtained by low frequency measurements (rheology) and show that the same dynamics is probed and linked to a relaxation which is related to the glass transition.
INTRODUCTION
Because they are considered as model networks, polyurethane systems are of interest for the determination of structure -properties relationships in polymeric systems. The aim of this study is to obtain the high frequency dynamical properties of these systems for a better understanding of relaxations associated with the glass transition. The principal one, the so-called a relaxation, appears on a large frequency scale and is linked to cooperative movements involving a few monomer units of the polymer chain. Ultrasonics is then a performing tool able to complete the description of this dynamical process.
EXPERIMENTALS
Polyurethane gels are prepared by polycondensation mechanism between poly(propylene glycol) trio1 with hexamethylene diisocyanate. In order to study the glass transition dynamics during gel formation, quenched samples corresponding to different reaction extent are obtained by varying the stoichiometric ratio r. This allows to simulate the different steps of the network formation.
Three triols with different molar masses (260, 700 and 6000g/mole) are used as precursors in order to apprehend the influence of the macromolecular chain size on the systems dynamics.
Ultrasonic measurements are made at a fixed frequency (4MHz), using burst longitudinal waves. Transit time and amplitude of ultrasonic signal are compared to a reference. This allows the determination of absolute values for velocity (v) and absorption (aus) of the ultrasonic wave in the medium versus temperature. Longitudinal moduli M are calculated for each system using (I) equations 1.
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RESULTS AND DISCUSSION
Velocity and absorption are obtained and the associated moduli, showing a relaxational behavior on the experimental temperature range, are presented on figure (a) and (b) for systems based on trio1 700. A stoichiometric dependence is found and characterized by a temperature shift of M' and M" curves with r. This shit? is related to glass transition temperature (Ts) difference between each non stoichiometric system. The observed difference in T, is related with an increase of crosslink density in gel forming system. It is also found that an increase in r leads to a broadening of M" and then of the associated relaxation function.
The characteristic relaxation times are taken as the maxima of imaginary part of the modulus M" versus temperature. They are compared to those obtained by rheological low frequency measurements (DMTA, RDA) giving the mechanical moduli : Young modulus E and shear modulus Ci (2). The frequency-temperature equivalence principle leads to the assumption that the high frequency relaxation process at high temperature is the same when probed at low frequency and low temperature. 
Real (a) and normalized Imaginary (b) parts of longitudinal modulus versus temperature for system 700 at various stoichiometric ratios r and VFTH plot (c) for system Triol700/HMDI -PU 1=-1
The evolution of the characteristic relaxation times obtained at high and low frequency has not an Arrhenius behavior when plotted versus 1000/T but follows an empirical (3) Vogel-Fulcher-Tamman-Hess (VFTH) law (equation 2), characteristic of a relaxation process.
Ln(r) = Ln(r,)+&

0
In this equation, B represents an apparent activation energy, To a temperature for which the molecular movements are frozen and z. a high frequency relaxation time. An example for Triol700/HMDI -PU r=l is given on figure (c).
The same fit is obtained for each system with close parameters when a correction by static glass temperature T, is done.
The precursor mass effect leads to a difference of glass temperature between each non stoichiometric systems but the VFTH behavior remains the same for high (6OOOg/mol) and low (26Og/moI) molecular mass compared to systems based on trio1 of 7OOg/moI.
The ultrasonic techniques allow to complete the dynamical description of a relaxation process at high frequency and is then complementary of rheological low frequency measurements. The same behavior is obtained for the relaxation times independently of stoichiometry so the same molecular process is responsible for a relaxation for each system and does not depend on connectivity and structure change (such as molar mass) of the system.
